The Y chromosomal fertility genes of Drosophila melanogaster have been studied for almost 80 years (1) but the secrets of their function have remained elusive. Even their number and their location on the Y chromosome were recently revised (2, 3), as the Y chromosome poses serious difficulties for genetic mapping due to the absence of marker genes. It is now accepted that two fertility genes (ks-i and ks-2) reside in the short arm and four (kl-l, -2, -3, and -5) [contrary to the originally supposed five (4) (11, 12) . However, evidence was presented (13) (16) (17) (18) (19) (20) (21) . In these studies, no DNA sequences coding for functional proteins were discovered, although considerable stretches of DNA were sequenced.
The Y chromosomal fertility genes of Drosophila melanogaster have been studied for almost 80 years (1) but the secrets of their function have remained elusive. Even their number and their location on the Y chromosome were recently revised (2, 3) , as the Y chromosome poses serious difficulties for genetic mapping due to the absence of marker genes. It is now accepted that two fertility genes (ks-i and ks-2) reside in the short arm and four (kl-l, -2, -3, and -5) [contrary to the originally supposed five (4) ] reside in the long arm of the Y chromosome of D. melanogaster.
A new area of research on the fertility genes started when Meyer et al. (5) discovered that the activity of these genes is accompanied by the formation of large lampbrush loops in primary spermatocyte nuclei. Spermatocytes are the only cell type in which the Y chromosomal fertility genes are active. Soon it became clear that Y chromosomal lampbrush loops are a universal feature of spermatocytes in the genus Drosophila (6) . In D. melanogaster, these lampbrush loops are relatively small and difficult to distinguish. Therefore, most ofthe recent studies ofthe fertility genes have been carried out in Drosophila hydei. While D. hydei has advantages for biochemical work, the genetics of this species is only poorly developed (for a recent review see ref. 7) .
For D. hydei, it has been concluded that each Y chromosomal lampbrush loop is related to a single complementation group (8) . By hybridization experiments it has been shown that the Y chromosome codes for transcripts of repetitive DNA sequences specifically expressed in spermatocytes (9, 10) . In both D. melanogaster and D. hydei, however, attempts to identify protein products related to the expression of the fertility genes have not been very successful (11, 12) . However, evidence was presented (13) (16) (17) (18) (19) (20) (21) . In these studies, no DNA sequences coding for functional proteins were discovered, although considerable stretches of DNA were sequenced.
The report of Gepner and Hays (22) Why does the detection of a protein coding gene not solve the secrets of the fertility genes if it is located within the lampbrush loop-forming region assigned to kl-S? The most obvious reason is that the formation of lampbrush loops is a specific but universal feature of Y chromosomal genes of Drosophila in primary spermatocytes, at least as far as it can be derived from the few species studied for a linkage of the lampbrush loops to the Y chromosome. Such lampbrush loops are not found in somatic tissues nor are they formed by genes in other chromosomes. Even more intriguing is the molecular structure of the transcription units as it exists for a large portion of satellite-type DNA sequences, which are interspersed with transposable elements (15, 20) . This basic molecular structure is maintained in different species even though the DNA sequences involved are totally different, except in closely related species. Whether the interspersion of the satellite DNA with transposon sequences, which also seems to be a general feature, is of functional importance is entirely unclear but not impossible (25) . Our recent data show that certain constraints at the DNA sequence level exist-for example, the transcriptional orientation of the different DNA sequence elements is strictly maintained within but not outside the transcription unit (R. Hockstenbach and W.H., unpublished data).
Since one has not obtained any evidence for the interspersion of exons within the lampbrush loop sequence studied so far, a wide dispersion of a protein-coding gene throughout the transcription unit is rather unlikely. However, the formation of a lampbrush loop must functionally be connected to the functional state of the respective fertility gene, as in all cases in which a lampbrush loop is absent due to a mutation, the respective fertility gene is inactive as well. Moreover, in many cases where lampbrush loops are morphologically modified the fertility gene is not functional (8, 21) .
What then may be the function of the lampbrush loops and how does this function relate to the presence of a protein coding gene? Before additional data on the Y chromosomal dynein gene are available, the answer can be given only in the form of speculations. To me it seems likely that any protein-coding DNA sequence, if located within a lampbrush loop, is positioned toward one end of the lampbrush loop-forming DNA region, most likely toward the end of the transcription unit as implied by certain mutations. A more plausible assumption to me is that the dynein gene is located outside the lampbrush loop transcription unit. The lampbrush loop itself must serve for functions other than those connected with the production of a normal pre-mRNA, as has been expressed in my previous view that lampbrush loop formation differs between oogenesis and spermatogenesis (26) . Contrary to what occurs in oogenesis, no antigenic determinants of small nuclear ribonucleoproteins or small nuclear RNAs (as detected by in situ hybridization or with the antibodies directed against their m3 cap; see ref. 27 ) can be found in the Drosophila lampbrush loops. Hence, no major splicing activities of newly synthesized premRNA are expected to occur in the Y chromosomal loops, as would be required if these genes were composed of a large number of alternating exons and introns. Autosomes in primary spermatocytes, on the contrary, display the expected antibody reactions (unpublished observations). One might argue that splicing is delayed and occurs only after completion of the transcripts. This might be considered a mechanism to introduce a clock for the formation of active mRNAs into the spermatocyte as the completion of lampbrush loop transcripts takes hours, thus delaying expression of the respective gene products. However, such a view is not based on much experimental evidence.
A rather unique feature of the Y chromosomal lampbrush loops is their association with several mostly loop-specific antigens as first shown by Hulsebos et al. (28) . This has led to the proposal that the transcripts formed in the Y chromosomal lampbrush loops, and possibly some of the landmark loops in amphibians such as the giant granular loops, may serve as a target for protein binding and, for example, for intracellular compartmentalization purposes in the differentiation of the male germ cell (29) . Other authors (30) have recently joined our view based on observations made on the protein binding of lampbrush loops in D. melanogaster.
There may exist some similarities between the properties of Y chromosomal lampbrush loops to other unusual genes. The heat shock locus 93D of D. melanogaster contains alternating blocks of satellite-like DNA sequences and a section of unique DNA sequences, a molecular structure more simple but in principle rather similar to that of the Y chromosomal lampbrush loops. The evolutionary divergence of the DNA sequences in the equivalent sites of other species is similarly strong, as in the Y chromosome. In this locus, no protein seems to be encoded (see, for example, ref. 31 ). The Responder locus of D. melanogaster, which modulates segregation distortion, also displays an intriguing structural similarity. More recently, the human XIST locus and the homologous Xist gene in mice has been speculated to serve for functions such as modifying the chromatin constitution of the inactive female X chromosome by means of its transcripts. They also contain repetitive sequence elements but do not code for proteins (32, 33) . In all these cases, the function of the active genes may relate to RNA-protein interactions at the site of transcription.
Additional Whatever the final outcome of the puzzle of Y chromosomal fertility gene function may be, it must explain why large lampbrush loops, mainly visible due to the large amounts of protein accumulated, are formed and what is the biological function of these loops. The documentation that a protein-coding gene resides on the Y chromosome not only adds an exciting aspect to the already complex picture, but it might finally also help to resolve the properties of this fascinating and unusual genetic system. I am grateful to Dr. Allan Spradling for critically reading this commentary.
